Background {#Sec1}
==========

The activities carried out by soldiers in the army demand great physical fitness and require intense training to perform combat-specific tasks. A soldier may experience musculoskeletal injuries because of the daily activities of running \[[@CR1]--[@CR6]\], marching \[[@CR3], [@CR4], [@CR7], [@CR8]\], specific exercises \[[@CR3], [@CR4], [@CR9], [@CR10]\], and sports activities within the unit \[[@CR5], [@CR8], [@CR9], [@CR11]--[@CR13]\].

Musculoskeletal injuries are a potential threat to the health and physical integrity of the soldier \[[@CR12]\] because the lower limbs are commonly affected by injuries, and soldiers complain of pain, most specifically in the knee joint \[[@CR1], [@CR3]--[@CR5], [@CR8], [@CR9], [@CR14]--[@CR18]\], followed by the lower vertebral column \[[@CR8]--[@CR11], [@CR14], [@CR18]\], ankle \[[@CR1], [@CR3], [@CR5], [@CR8]--[@CR11], [@CR18]\], and leg \[[@CR14], [@CR18]\]. Several studies have shown that those injuries can occur in younger or less-trained individuals \[[@CR1]--[@CR3], [@CR9], [@CR15]\] and that previous injuries may be a recurrence factor \[[@CR3], [@CR4], [@CR9], [@CR16], [@CR17]\]. Medical treatment and rehabilitation may generate high costs in addition to leaves of absence (time loss) \[[@CR1], [@CR4], [@CR5], [@CR8], [@CR11], [@CR12]\].

Soldiers in Brazil carry out daily military physical training (MPT), to acquire skills, speed, and agility, which are necessary for their profession. The MPT session consists of warm-up, the main work (running, basic strengthening, and/or sports and neuromuscular training), and finally, cooldown \[[@CR19]\]. To assess the MPT performance, the military soldiers have to undertake the Physical Aptitude Test (PAT) \[[@CR19]\] three times a year, which requires maximum effort to achieve the predicted index (values that soldiers need to reach based on Brazilian Military data). This test may cause injuries to new and untrained soldiers because of these high standards. The index varies according to age and sex as well as to pace and distance to be achieved. It ranges from insufficient to excellent. The PAT for men assesses running and military progression (PPM), including obstacle transposition, abdominal strength, push-ups, and bar exercises \[[@CR19]\]. Like many other sports, the activities bring mechanisms of injury. However, there are differences in the specific activities \[[@CR20]\], highlighting the importance of knowing the most common mechanisms of injuries in soldiers.

The studies conducted on injury prevention in the sports field are based on the particularity of each modality due to the different levels of exposure and mechanisms of injury. Studies related to preventive injuries in the military environment are limited because knowledge is needed for the military training, army routine, and the mechanisms of injury or simulations of the different activities. Furthermore, the difference in military training between each country, which is due to the action required by the Armed Forces, should be taken into consideration \[[@CR4], [@CR5], [@CR8]\]. Therefore, consensus has been reached that preventive training should meet the needs of the soldier in a specific country.

Several studies in sports and military areas have demonstrated that exercises such as balance, running, agility, jumping, muscular strengthening, stretching, and corrective orientations can help to prevent injuries to the lower limbs \[[@CR5], [@CR21]--[@CR27]\]. Considering the hypothesis that Brazilian soldiers commonly have lower limb injuries, incorporating neuromuscular training is necessary. In Brazil, no studies on the incidence or prevalence of musculoskeletal injuries in army personnel or preventative studies on these injuries were found. We hypothesize that Brazilian soldiers have a characteristic mechanism of injuries in the lower limbs due to the type of training. Thus, the objective of this study was to assess the prevalence of musculoskeletal injuries in the Brazilian army and to determine which injuries and mechanisms occurred most frequently in order to propose a neuromuscular training protocol to prevent these injuries.

Methods {#Sec2}
=======

Study design and sample details {#Sec3}
-------------------------------

This is an observational (cross-sectional) study. The study protocol was approved by the Ethics Committee for Research of the Federal University of São Paulo (UNIFESP) (approval number 326.888). This study was conducted in compliance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational studies \[[@CR28]\].

A total of 202 soldiers aged between 18 and 19 years from a battalion of the Brazilian Army were recruited to participate in the study. In 2013, the battalion accepted 202 new soldiers (all men), called recruits. Among these 202 soldiers, 103 who required medical attention at the medical post were selected to participate in the study. Newly recruited soldiers were selected to study the prevalence and mechanisms of injuries because most studies have shown that injury incidence in recruits is greater than that in older soldiers who are more trained \[[@CR1]--[@CR3], [@CR9], [@CR15]\]. All these soldiers were of the same age and physical condition. The inclusion criteria were new soldiers who enrolled in 2013 and who had injury occurrence in the period between March and October. Musculoskeletal injury is physical musculoskeletal damage to the body \[[@CR8]\] and requires the soldier to seek medical help. The exclusion criteria were soldiers who were from another military service on exchange, soldiers who had returned to training following a previous injury, and soldiers from other battalions.

The data were collected in November 2013 by a physiotherapist who had no access to any other information or medical records from the medical post. The medical records (paper and online data) had a form of running text. For this study's design, all data collected were recorded only through what had been registered by the physicians. This explains why no demographic data were available in our study. A total of 103 medical record cards of the new soldiers were analyzed for the following variables: medical diagnosis, injury site, mechanism, type of treatment, time loss, existence of previous injury, and recurring injury.

The second phase of the collection took place on the same day through the enrichment of the paper medical record information, which was conducted via analysis of the online medical records. Subsequent to data collection, a survey of the main injuries and the mechanisms involved was carried out to propose an injury prevention training for the lower limbs.

Table [1](#Tab1){ref-type="table"} shows the variables "diagnosis," "site," and "mechanism" of the injury. All data collected per the inclusion criteria were named "components." To make it possible to investigate the data using statistical models, the data were divided into five subgroups based on the diagnosis, the mechanism, and the site of injury. Concerning the variable "site," the knee and ankle were considered separately, because compared to other injuries related to the lower limbs the literature presents that they have the highest incidence \[[@CR1], [@CR3]--[@CR5], [@CR8], [@CR10], [@CR14]--[@CR18]\].Table 1Variables used to describe the subgroups of diagnosis and mechanisms of the injuriesCategoriesComponentsDiagnosis Joint painPain, sprain, and joint pain Muscular painContracture InflammationTendinopathy, Hoffa's fat pad inflammation, cistus, costochondritis, periostitis, dislocation, ligament injury, enthesopathy, and subdislocation WoundCut, excoriation, trauma, and fracture DegenerationChondropathy and patellofemoral pain syndromeInjury site SpineCervical, dorsal, and lower vertebral column Upper limbsHead, chin, chest, fingers, hand, wrist, rib, elbow, and shoulder Others (lower limbs)Hip, leg, foot, heel, toes, triceps surae, tibia, and groin AnkleAnkle KneeKneeMechanism RunningRecreational run and military training running TraumaFall, motorcycle accident, automobile accident, fall due to military training, and cut accident SportsRecreational soccer, push-up exercises using bars, fight, gym, and military training OverloadMechanical overload, biking, and field activities No reasonUnknown mechanism

Neuromuscular training proposal {#Sec4}
-------------------------------

Based on the collected data, a protocol was proposed for neuromuscular training to prevent injuries to the lower limbs, with emphasis on the needs observed during the training of soldiers in a battalion of the Brazilian army and on the mechanisms that most frequently caused injuries. A pre-training and intermediate assessment were suggested to better understand the consequences and possible improvements on the neuromuscular training, and a reassessment after 1 year is suggested.

Pre- and postevaluations of soldiers {#Sec5}
------------------------------------

As suggested, an initial questionnaire was administered to determine the physical condition of the soldiers in addition to the noninstrumented assessments to measure the soldiers' progress during the predicted year. The assessments should include jumping, balance, and agility in a circuit that would also serve as neuromuscular training, which could be measured by the time taken to complete the circuit.

Statistical analysis {#Sec6}
--------------------

This study aimed to analyze the association among the variables studied. Fisher's exact extension test was used to verify the association between injury sites, diagnosis, mechanisms, and time of medical leave. Our sample size was defined as "nonprobability sampling" because the soldiers were a convenience or availability sample of Brazilian army recruits. To test the null of independence of rows and columns in a contingency table with fixed marginal distribution, Fisher's exact test was used. The descriptive level used was 5% with *P \<* 0.05 as significant. For statistical analysis, the R package (version 3.0.1 2016) was used.

Results {#Sec7}
=======

Data distribution {#Sec8}
-----------------

After all data assessments, 71 soldiers were found to have 112 musculoskeletal injuries, and 32 soldiers had various complaints that were not characterized as musculoskeletal injuries. Table [2](#Tab2){ref-type="table"} shows the musculoskeletal injuries in absolute numbers and percentage, which demonstrates a significant association between diagnosis and injuries sites (*P \<* 0.001).Table 2Numbers and percentage of diagnosis and injury sites\[*n(%)*\]DiagnosisInjury sitesTotalKneeAnkleSpineUpper LimbsOther injuries in lower limbsJoint pain19(17.0)14(12.5)14(12.5)9(8.0)6(5.4)62(55.4)Muscular pain0(0.0)0(0.0)0(0.0)1(0.9)4(3.6)5(4.5)Inflammation7(6.2)0(0.0)0(0.0)4(3.6)4(3.6)15(13.4)Wound9(8.0)0(0.0)0(0.0)11(9.8)8(7.1)28(24.9)Degeneration2(1.8)0(0.0)0(0.0)0(0.0)0(0.0)2(1.8)Total37(33.0)14(12.5)14(12.5)25(22.3)22(19.7)112(100.0)

Table [3](#Tab3){ref-type="table"} shows the results of the mechanism variable and injury site, and significant results were observed between them (*P \<* 0.005). The most frequently observed mechanisms were trauma (26.7%) and overload activities (26.7%), followed by running and sports activities (18.8%).Table 3Mechanisms and injury site variables\[*n(%)*\]MechanismInjury sitesTotalKneeAnkleSpineUpper LimbsOther injuries in lower limbsRunning9(8.0)8(7.1)0(0.0)0(0.0)0(3.7)21(18.0)Trauma10(8.9)2(1.8)2(1.8)8(7.1)8(7.1)30(26.7)No reason3(2.7)0(0.0)3(2.7)2(1.8)2(1.8)10(9.0)Sports3(2.7)2(1.8)3(2.7)8(7.1)5(4.5)21(18.8)Overload12(10.7)2(1.8)6(5.3)7(6.3)3(2.6)30(26.7)Total37(33.0)14(12.5)14(12.5)25(22.3)22(19.7)112(100.0)

With regard to the treatments used on the soldiers, 58% were administered medication, 20.5% did not receive treatment, and 9.8% received two different types of treatment, physiotherapy (7.2%) and stitches/surgery (4.5%).

Table [4](#Tab4){ref-type="table"} shows the association between the time of medical leave and the injury site in soldiers stratified by medical leave of 1--6 days (35.7%), no leave of absence (33.9%), 7--15 days leave of absence (19.7%), and more than 15 days leave of absence (10.7%). The knee and ankle injuries resulted in the 7--15 days and 1--6 days leave of absence. The association between medical leave and injury sites showed significant results (*P \<* 0.005).Table 4Data on medical leave and injury site variables\[*n(%)*\]Medical leaveInjury sitesTotalKneeAnkleSpineUpper LimbsOther injuries on lower limbs1--6 days9(8.0)9(8.0)6(5.4)9(8.0)7(6.3)40(35.7)7--15 days11(9.8)1(0.9)3(2.7)3(2.7)4(3.6)22(19.7)More than 15 days10(8.9)1(0.9)0(0.0)0(0.0)1(0.9)12(10.7)No leave7(6.3)3(2.7)5(4.4)13(11.6)10(8.9)38(33.9)Total37(33.0)14(12.5)14(12.5)25(22.3)22(19.7)112(100.0)

With regard to the risk factors of previous injury and recurring injury, the results showed that 67% of the sample did not have previous injuries. Prior to the study period, the injury was defined as any injury, regardless of the site injured, which occurred during the study period. Recurrence of the reported injury did not occur in 88.4% of the sample. These data were self-reported.

Fisher's exact extension test \[[@CR29]\] showed that there was an association between the variable injury site versus diagnosis (*P \<* 0.001), mechanism (*P \<* 0.005), and time loss (*P \<* 0.003). No significant association was found between treatment and injury site (*p* \> 0.115).

Neuromuscular training circuit {#Sec9}
------------------------------

The training session was suggested to be two laps of the proposed circuit (Fig. [1](#Fig1){ref-type="fig"}) with a 5--8 min rest interval. The training was a substitute for running, performed twice a week, since running is one of the main mechanisms of injury.Fig. 1Neuromuscular training circuit with 6 exercise stations

The description of the suggested neuromuscular training circuit is shown below:**Station 1:** Cross-over running \[[@CR10], [@CR24], [@CR25]\], crossing the legs in lateral displacement; go and return over a 5 m course, with three repetitions, in the shortest time possible.**Station 2:** Balance \[[@CR24]--[@CR27], [@CR30]\] on the trampoline, stand on one foot then bilateral for 30 s each; repeat twice.**Station 3:** Semicircular running \[[@CR26], [@CR31]\] involves changing direction at the verbal command of the therapist, for 1 min, with cones forming a semicircle.**Station 4:** Anterior and posterior running \[[@CR24], [@CR25], [@CR32]\] over a distance of 5 m forwards and 5 m backwards, repeating 3 times in the shortest time possible.**Station 5:** Bilateral one-foot jump \[[@CR10], [@CR24]--[@CR27], [@CR30]\], repeated 10 times, on the trampoline, finishing with 10 two-foot jumps in each situation. The landing technique would be corrected for knee and foot alignment with the hips to reduce the impact forces and injury risk. In addition, this neuromuscular training improves the biomechanical quality of the movement \[[@CR10], [@CR33]\].**Station 6:** Running with 5 cones on the diagonal, a total distance of 5 m between the first and the last cone (zigzag) \[[@CR10], [@CR32]\], which is performed 3 times in the shortest time possible. On the first and second arrivals at the starting cone, the subject does balance training on the round proprioceptive disk for the right lower limb and 30 s for the left lower limb.

Discussion {#Sec10}
==========

The present study is in agreement with previous studies on the incidence or prevalence of musculoskeletal injuries in soldiers, which also showed that the lower limbs are the most affected site of injury and complaint, especially the knee and ankle \[[@CR1], [@CR3]--[@CR5], [@CR8], [@CR9], [@CR14]--[@CR18]\]. Concerning the injury site, Sell et al. \[[@CR5]\] analyzed injuries of soldiers for a year and reported that the most frequent sites were the lower limbs, predominantly the ankle (18.2%) and the knee (13.1%). A Brazilian study by Neves et al. \[[@CR34]\] on parachutists showed that the specificity of each group of soldiers is fundamental to understanding their injuries, and the authors observed that the foot and ankle are the most affected joints in parachutists. The present study showed that 33% of the injuries occurred to the knee, while the ankle was the fourth most affected site, together with the vertebral column (12.5%). The total injuries in the lower limb accounted for 65.2% of the sample. Considering that the soldiers were recently enrolled, many of them may not have practiced physical activities before enrolling, and furthermore, they are 18- to 19-year-old individuals without previous training focused on correcting biomechanical patterns with potential for injury, as pointed out by Sell et al. \[[@CR5]\].

With regard to injury diagnoses, Hill et al. \[[@CR16]\] showed that the most common injuries in soldiers' knees were strain and sprain. Sell et al. \[[@CR5]\] found that sprain (16.2%), mostly of the ankle, was the most frequent diagnosis. In New Zealand, Davidson et al. \[[@CR1]\] studied the incidence of injuries in the lower limbs and diagnosed more sprains and strains in the ankle (35%) and knee (16%). In the present study, joint pain that involves sprain was the main diagnosis, accounting for 55.4% of the sample. The knee, ankle, and vertebral column were the most commonly diagnosed sites of injury. A possible decrease in these injuries could be achieved by the training proposed, which is based on agility and mechanical correction of the movements, aiming to prevent injuries.

Injuries from overload occurred with greater frequency than acute and traumatic injuries \[[@CR7], [@CR8], [@CR18]\]. Davidson et al. \[[@CR1]\] demonstrated that running and recreational sports were the most common mechanisms (28 and 25%, respectively), and 5 times more injuries were observed in recruits than in more trained individuals. In the present study, the most frequent mechanisms of injury were trauma and overload. Running was the second most frequent mechanism (18.8%), together with sports, which is different from the study of Sell et al. \[[@CR5]\] who reported running as the main injury mechanism. Running mostly affects the knee and ankle. However, trauma and overload affect the knee more. These data led to the realization of decreasing the frequency of running, without damaging physical conditioning \[[@CR10]\], to reduce probable overloads and/or traumatic events, as reported in the study by Dorotka et al. \[[@CR17]\]. Rudzki \[[@CR3]\] compared recruits who did the same physical training program, one group by running and the other marching with weights. The authors validated that the first group had more knee injuries.

In Finland, a study by Taanila et al. \[[@CR8]\] reported that the most common mechanism of traumatic injury was in combat training or performing other physical exercises. In a British study by Wilkinson et al. \[[@CR9]\], physical training, military training, and sports were the most common traumatic etiologies in soldiers. In the present study, field activities that correspond to the military trainings, such as overload activities, were differentiated. It was perceived that there are differences in mechanisms of injury among countries; for example, combat training was not so frequent in the Brazilian army. In Norway, Heir et al. \[[@CR14]\] compared injury incidence in the three Armed Forces and reported that the lower limbs were the most affected site of injury, causing 2.1% of leaves of absence compared to 0.1% in the other two forces. In the present study, the injuries resulted in a time loss for a short period of time, 1 to 6 days, or did not result in leave of absence, as reported in some literature \[[@CR4], [@CR8]\]. The diagnoses with the longest time loss, over 15 days, were joint pain, inflammation, and degenerative pain, and the site was the knee.

This protocol was proposed because studies have shown the importance and capacity for injury prevention in the lower limbs and/or improvement in conditioning in sports and military activities \[[@CR5], [@CR21]--[@CR27]\]. Exercises related to neuromuscular training should be reproducible and affordable to execute and may be carried out by soldiers during the MPT with the help of the physiotherapist and physical educators. The Finnish study by Parkkari et al. \[[@CR22]\] on neuromuscular training performed by soldiers observed a decrease in the risk of ankle sprain, suggesting that this training should be routine. This training included exercises that do not characterize a specific sequence for the lower limbs; therefore, they were not chosen for the present study. The present study investigated the training according to the necessities and reality of Brazilian soldiers and the mechanisms of injury.

The study on injuries by Abt et al. \[[@CR10]\] proposed running, agility, strengthening, and resistance exercises for soldiers, which resulted in improvement of their physical conditioning, and suggested further studies to identify injury prevention. Taanila et al. \[[@CR4]\] emphasized that the unsatisfactory results in distance running and jumping performed by soldiers confirmed the predisposition to musculoskeletal injuries of the lower limbs, which shows that the training should involve these two modalities. Thus, the protocol includes exercises that involve less running and alternates with jumping, balance, and agility \[[@CR5], [@CR22], [@CR24], [@CR27]\], with the objective of improving sensorimotor training and minimizing injuries in the lower limbs.

Thus, the present study emphasizes that military physical training may consist of other exercise modalities, such as neuromuscular training that aims to prevent injuries and training characteristics inherent to the military profession. Brazilian training differs from that of other nations, for example, in addition to running, swimming, skiing, and bike training are also included \[[@CR4], [@CR8], [@CR22]\]. Although the present study shows data not previously reported in the literature, our main limitation is that the data were collected from a single battalion. It is not possible to extrapolate our data and the proposal for neuromuscular training for all soldiers in any country, but after this study, we could anticipate the main mechanisms and injuries from Brazilian recruit soldiers, which provide us support to develop this proposal in further studies.

Future studies should include the proposed neuromuscular training to validate its efficiency in preventing injuries in the lower limbs of soldiers, as the literature can provide the basis and can prove its usefulness in the sporting environment. This training was presented to the battalion to analyze the possibility of adding it to the military physical training routine, not only for this battalion.

Conclusion {#Sec11}
==========

The knee is the most frequently injured joint, and the most common diagnosis is joint pain. Trauma and overload are the most frequent mechanisms of injury, and the most commonly used treatment is medication. The time of medical leave due to injury was short in most cases, and the relationship with prior and recurring injury as relevant risk factors was not shown. The study promotes a neuromuscular training protocol, which is suggested to be practiced and improved in further studies.
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